Out of focus:
A recent paper, titled a "Crystallographic snapshot of an arrested intermediate in the biomimetic activation of CO2", published in this journal describes the synthesis of tetra-n-butylammonium bicarbonate. The authors performed a single crystal X-ray study which revealed a putative species described as an incipient hydroxide ion engaging in a long, and presumably weak, interaction with CO2. Our recent exploration of the coordination chemistry of CO2 with small ions leads us to believe that such an exceptional bonding situation is unlikely. Instead, we argue that the crystal structure is that of tetra-n-butylammonium acetate and therefore not representative of the bulk powder from the synthesis. , which displays a remarkably long COH bond of 1.563(6) Å. [1] The paper immediately caught our attention as we are also interested in the chemical capture and conversion of CO2. [2] Recently we reported the complete characterization of a salt containing the cyanoformate anion (1), [NCCO2]  , a simple adduct of cyanide and CO2 which had long eluded characterization. [3] Interestingly, some of the rarest adducts of CO2 are, in fact, the simplest. For instance, stable solid derivatives of simple coordination complexes of halides or pseudo-halides with CO2 are virtually unknown. Other than cyanoformate and bicarbonate, only the fluorocarbonate anion, [FCO2]  , has been prepared. [4] Naturally, a paper describing a very atypical geometry for the bicarbonate anion was of great interest to us.
The experimental work of Ackermannet al. can be summarized as follows.
Gaseous CO2 was bubbled through an aqueous solution of tetra-n-butylammonium hydroxide, [nBu4N]OH, until a neutral pH was reached. An anhydrous salt was then obtained by azeotropically dehydrating the reaction mixture using successive portions of diethyl ether. This yielded a colourless powder which was spectroscopically (IR, Raman, and 1 H and 13 C NMR) identified as tetra-n-butylammonium bicarbonate, [nBu4N]HCO3.
Slow evaporation of a saturated diethyl ether solution of the powder gave colourless crystals in an unreported yield. The data from a subsequent X-ray structural study was interpreted in terms of an unprecedented arrested anionic intermediate,
which is encapsulated within a hydrophobic host scaffold generated by the tetra-nbutylammonium, nBu4N, cations. The scaffold holds two symmetry-related anions in a head-to-tail orientation with the two hydroxyl groups separated by a long OO distance of 4.71 Å. Due to this structural arrangement and the lack of hydrogen bond acceptors in the cation, the hydroxyl groups are not involved in any secondary bonding interactions, which is rather surprising. However, the crystal structure shows several CH moieties on the cation in close enough proximity to form weak CHO interactions with the anion. These interactions are postulated to help to stabilize the structure of the arrested intermediate though no justification (other than structural data) is given.
The results reported by Ackermann et al. for [nBu4N] [O2COH] contrast with our experiences with cyanoformate. [3] In our structure, the anion (1) featured an sp-sp 2 carboncarbon bond of normal length,1.480(9) Å, even though it was readily cleaved in solvents of higher polarity, forming CO2 and CN  . In a similar fashion, when trapped inside a hydrophobic pocket, bicarbonate would be expected to contain a regular COH bond unless distorted by strong inter-ionic interactions. 
X-ray Crystallography
A fresh sample of [nBu4N][O2CCH3] was purchased from Sigma-Aldrich and opened in an inert atmosphere. A single crystal was removed directly from the bottle and a complete X-ray crystallographic study (125 K) was performed on it as described in the Supporting Information. Once the low temperature data collection was finished, a set of room temperature data was also collected for the same crystal. In addition, a solution of [nBu4N][O2CCH3] in dry acetonitrile was stirred for 24 hours under argon in the presence of 3 Å molecular sieves. The solvent was then pumped off and the colourless precipitate was brought into an inert atmosphere. A saturated diethyl ether solution of the powder was allowed to evaporate for 3 days to produce colourless platelike crystals. The structure of one of these crystals (123 K) was found to be identical to that determined from the crystal of the fresh sample and is not discussed further. Table 2 . For our data, there is complete agreement with the anion being an acetate ion, as expected. [a] The atom C18 corresponds to our refinement (complete except for the methyl hydrogens on the anion), whereas O3 corresponds to a model, using our data, of the structure reported by Ackermann et al. (complete except for the proton on O3).
Next, the geometrical data for our O3 refinement ( Information of the original publication. We note, however, that the values reported in the cif file obtained from the CCDC [5] are, again, slightly different from that reported in the article.
Full data from the structural comparison is given in the Supporting Information.
From the analysis, it is immediately evident that the two models are equivalent and , along with an overlay of the two structures (middle). The overlay has been left slightly offset to better highlight the structural similarities. All diagrams were prepared using the program Mercury CSD 3.3.1. [6] We conclude the structural comparison by considering the inter-ionic interactions
in [nBu4N][O2CCH3] and [nBu4N][O2COH] (full analysis is given in the Supporting
Information). Overall, a remarkably similar arrangement of anions in the pocket formed by the cations is observed in both structures. We also note that there is one CHO interaction of reasonable length (C(1)H(1A)O (1) 
Computational Studies
The Å and (OCO) = 129.1). We therefore feel confident that the PBE1PBE-D3BJ/def-TZVP method can be safely used to optimize the structures of the anions in an environment mimicking the crystal structure as closely as possible.
The structure of the hydrophobic pocket, consisting of 6 nBu4N cations and 2
anions, was extracted from the X-ray data. Full structural optimization of the anions, started from their crystallographic geometries, was then carried out within the environment provided by the nBu4N cations, which were completely frozen to the places they adopt in the crystal structure. We note that no restraints to the location of the anions in the structures were enforced other than the overall Ci symmetry.
The optimization conducted for acetate inside the hydrophobic pocket shows that the metrical parameters of the anion are in good agreement with its gas phase "amine-based structural motif" ligand. [7] Crystal structures of all three compounds are included and each of them contains conventional bicarbonate anions hydrogen bonded in a commonly observed dimeric arrangement.
In their published work, Ackermann et al. report that the hydrogen atom of the unusual [O2COH]  anion was located in the Fourier map, but that it was subsequently fixed to an ideal hydroxide geometry and refined using a riding model. To us it seems strange that such an important atom in the structure was not refined isotropically if it was clearly visible in the Fourier map. In fact, the data deposited by the authors in the CCDC [5] contains an isotropically refined hydrogen atom, however, the reported Uiso value is a nonsensical 0.9(3). The authors do point out that the size and shape of the thermal ellipsoid of the hydroxide oxygen atom indicates rotational disorder. Based on our results, this ellipsoid becomes completely reasonable when using the acetate anion
in the structural refinement (see Figure 1) . The presence of a hydroxyl group that is not engaged in hydrogen bonding is certainly not unprecedented, but it does raise significant concern as to whether the correct assignment has indeed been made. We also note that in our refinement of the acetate salt, the hydrogen atoms on the acetate methyl carbon were clearly visible in the Fourier map and could be refined isotropically.
In fact, a disordered model for the methyl group was found to give the optimal fit.
Considering the chemistry involved in the preparation of the putative salt, Alternatively, the diethyl ether might initially have been contaminated with small amount of ethanol, the precursor to most commercial sources of diethyl ether. Additionally, adventitious oxygen in diethyl ether could have initiated the formation of peroxides whose decomposition pathway includes acetic acid or one of its esters. [8] Under the reported preparative conditions, these species could certainly be hydrolyzed and deprotonated to form acetate. In all of these scenarios, a small amount of the acetate salt could be present in the bulk powder and crystallize out from the ether solution. Our crystallization experiments clearly showed that [nBu4N][O2CCH3] is only sparingly soluble in ether and readily forms single crystals of excellent X-ray quality.
Conclusion
In summary, our detailed experimental evidence casts serious doubts on the 
